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Thermal Conductivity, Thermopower, and Figure of Merit of La1−xSrxCoO3
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(Dated: October 26, 2018)
We present a study of the thermal conductivity κ and the thermopower S of single crystals of
La1−xSrxCoO3 with 0 ≤ x ≤ 0.3. For all Sr concentrations La1−xSrxCoO3 has rather low κ values.
For the insulators (x < 0.18) this arises from a suppression of the phonon thermal conductivity by
lattice disorder due to temperature- and/or doping-induced spin-state transitions of the Co ions.
For larger x, the heat transport by phonons remains low, but an additional contribution from mo-
bile charge carriers causes a moderate increase of κ. The thermopower of the low-doped crystals is
positive and shows a pronounced maximum as a function of temperature. With increasing x, this
maximum strongly broadens and its magnitude decreases. For the highest Sr content (x = 0.3) S
becomes even negative in the intermediate temperature range. From S, κ, and the electrical resis-
tivity ρ we derive the thermoelectric figure of merit Z = S2 / κρ. For intermediate Sr concentrations
we find notably large values of Z indicating that Co-based materials could be promising candidates
for thermoelectric cooling.
PACS numbers: 72.15.Jf, 72.80.Ga, 71.30.+h
I. INTRODUCTION
Among transition-metal oxides cobalt compounds are
of particular interest due to the possibility of the Co ions
to occur in different spin states. This is a long standing
issue for the almost cubic perovskite LaCoO3 where the
Co3+ spin state changes as a function of temperature
from a non-magnetic low-spin (LS, S= 0) state to an
intermediate-spin (IS, S=1) or a high-spin (HS, S= 2)
state, which both are magnetic.1,2,3,4,5,6,7 During the
last years cobaltates with layered CoO structures have
also become subject of intense studies.8,9,10,11,12,13,14,15
It has been proposed that various of these compounds
would also show temperature-dependent spin-state tran-
sitions of the Co3+ and/or Co2+ ions, but an unambigu-
ous proof of such spin-state transitions is still missing
(see e. g. Ref. 15). Recently, the observation of super-
conductivity in NaxCoO2 · yH2O has attracted much
attention.16 The water-free parent compound NaxCoO2
became prominent some years ago already in a different
context.17 It was found that NaxCoO2 with x = 0.6 has
a metallic electrical conductivity σ, but a low thermal
conductivity κ and, in addition, a large thermopower S.
The combination of large σ, small κ, and large S val-
ues is a precondition for effective thermoelectric cooling.
The performance of thermoelectric devices depends on
the so-called thermoelectric figure of merit Z = S2 / κρ
where ρ = 1/σ denotes the electrical resistivity. For an
effective cooling, ZT values (T is the absolute temper-
ature) of order unity should be reached and are found
for instance in Bi-based alloys, some thin-film devices
or quantum dot superlattices.18,19 For comparison, typ-
ical metals have much smaller ZT values of order 10−4.
In this respect it was quite surprising that NaxCoO2
has ZT ≃ 0.03 for 150K ≤ T ≤ 300K. The en-
hanced figure of merit of NaxCoO2 mainly arises from
an enhanced thermopower.20 Based on a study of the
magnetic-field dependence S(H) of NaxCoO2 it has been
argued that the spin entropy is the likely source for the
large thermopower.21
A large thermopower occurs also in La1−xSrxCoO3.
22
This motivated us to study the transport properties of
this series in order to determine experimentally the ZT
values and their dependence on temperature and doping.
Another motivation for our study was that the previous
results do not give a consistent picture of the transport
properties. For example, from various anomalous fea-
tures in the temperature dependencies of S, ρ, and the
magnetic susceptibility χ a complex phase diagram was
proposed for the La1−xSrxCoO3 system.
22 It has, how-
ever, been argued that the occurrence of some of these
anomalous features depends on the preparation technique
of the polycrystals.23 In fact, the phase diagram derived
from ρ(T ) and χ(T ) measured on La1−xSrxCoO3 sin-
gle crystals 24,25 is much less complex than the previ-
ous one 22. Moreover, the temperature dependencies of
S for undoped LaCoO3 reported in Refs. 3 and 26 are
contradictory. For T > 400K both reports find a po-
sitive thermopower of order +50µV/K, which slightly
increases with decreasing temperature. For T < 400K,
however, a further increase of S with a maximum of about
+1200µV/K around 100K is found in Ref. 3, whereas a
sign change of S and a decrease to about −400µV/K for
T ≃ 200K is reported in Ref. 26. The thermal conduc-
tivity of the La1−xSrxCoO3 system has to our knowledge
not yet been studied at all.
In this report we present an experimental study of the
thermal conductivity and the thermopower of a series
of single crystals of La1−xSrxCoO3 with 0 ≤ x ≤ 0.3.
The paper is organized as follows: In the next section
we briefly describe the experimental setup and introduce
the crystals, which (partly) have already been used in
previous studies.7,25,27,28 In section III our measurements
of κ and S are discussed and we derive the thermoelectric
figure of merit for the La1−xSrxCoO3 series. The main
results are summarized in the last section.
2II. EXPERIMENTAL
The single crystals used in this study have been grown
by a floating-zone technique in an image furnace. De-
tails of the sample preparation and their characteriza-
tion by X-ray diffraction, magnetization, and resistiv-
ity measurements are given in Ref. 25. At low temper-
atures LaCoO3 is a good insulator, but with increasing
Sr content the resistivity systematically decreases and
La1−xSrxCoO3 becomes metallic for x > 0.18. Samples
with Sr concentrations above the metal insulator tran-
sition show ferromagnetic order with transition temper-
atures Tc around 220K, which slightly increase with x.
The magnetic order is accompanied by a kink-like de-
crease of ρ(T ) below Tc.
25
The nominal valence of the Co ions does not only
depend on the Sr content, but also on the oxygen
concentration, i. e. the amount n of charge carriers in
La1−xSrxCoO3+δ is given by n = x + 2δ. Positive (neg-
ative) values of n mean hole (electron) doping and for-
mally an amount n of the Co3+ ions is transformed into
Co4+ (Co2+).29,30 Because of the high oxidation state of
Co4+, one may suspect that with increasing Sr concentra-
tion the amount of oxygen vacancies also increases, i. e.
an increasing x could be partially compensated by a de-
creasing δ. In order to check this we have determined the
oxygen content of the entire series La1−xSrxCoO3+δ by
thermogravimetric analysis (TGA/SDTA851, Mettler-
Toledo). Pieces of about 50mg of the single crystals
have been ground and heated up to 900◦C in a reduc-
ing atmosphere (N2 with 5% H2) in order to decom-
pose La1−xSrxCoO3+δ into La2O3, SrO and elementary
Co.31,32,33 The value of δ is then calculated from the mea-
sured weight loss. We have tested the reproducibility of
our method by repeatedly measuring amounts of about
50mg from the same badge of a LaCoO3 polycrystal.
The different results agree to each other within ±0.01,
which is comparable to the uncertainty of the same and
alternative methods of oxygen-content determination in
cobaltates.31,32,33 A scatter of ±0.01 is also present in
the determined oxygen contents of our La1−xSrxCoO3+δ
crystals. A linear fit of δ(x) yields a weak decrease
dδ/dx = −0.05. Therefore we determine the charge car-
rier content via n(x) = x−0.1 ·x, i. e. our analysis reveals
a 10% reduction of the charge-carrier content with re-
spect to the Sr content. We do not calculate n = x+2δ for
each crystal individually, because the scatter of δ would
correspond to a scatter of the charge carrier content of
±0.02, which can be excluded for the studied crystals
from the measurements of the magnetization and resis-
tivity (see Ref. 25). Both quantities vary monotonously
as a function of x for 0 ≤ x ≤ 0.3. Thus the scatter of
n between samples with neighboring x is much smaller
than their difference ∆x, which amounts e. g. to only
0.01 for the lowest concentrations. This conclusion is
also confirmed by the data presented in this report. The
only exception is the thermopower of nominally undoped
LaCoO3, which will be discussed below.
The measurements of thermal conductivity and ther-
mopower have been performed by a steady-state tech-
nique. One end of the rectangular bar-shaped crystals of
typical dimensions 1 × 2 × 4mm3 has been glued on a
temperature-stabilized Cu plate using an insulating var-
nish (VGE-7031, LakeShore). A small resistor has been
attached to the other end of the sample in order to pro-
duce a heat current through the sample. The correspond-
ing temperature gradient over the sample was measured
by a differential Chromel-Au+0.07%Fe or a Chromel-
Constantan thermocouple which has also been glued to
the sample. Typical temperature gradients were of the
order of 0.2K. In addition, two gold contacts have been
evaporated on the sample surface and two copper leads
have been connected to these contacts by conductive sil-
ver epoxy in order to determine the thermopower. All
offset voltages and the thermopower of the Copper leads
have been carefully subtracted. With our setup we do
not obtain reliable results for S on insulating samples
with resistivities of the order of 109Ωcm or larger, as
it is the case for La1−xSrxCoO3 with x ≤ 0.002 below
about 100K. The absolute accuracy of the thermal con-
ductivity and thermopower measurements is restricted
to about 10% by uncertainties in the sample geometry,
whereas the relative accuracy is of the order of a few
percent.
III. RESULTS AND DISCUSSION
A. Thermal Conductivity
In Fig. 1 we show the thermal conductivity of
La1−xSrxCoO3. We concentrate first on the undoped
compound. In an insulator like LaCoO3 the heat is usu-
ally carried by acoustic phonons. Optical phonons play a
minor role since their dispersion is typically much weaker
than that of the acoustic branches. A qualitative under-
standing of the phononic heat transport is obtained from
the relation κ ∝ cvℓ where c, v, and ℓ denote the spe-
cific heat, the sound velocity and the mean free path
of the phonons, respectively. At low temperatures ℓ is
determined by lattice imperfections, or by the sample
dimensions in very clean crystals, and the temperature
dependence of κ follows that of the specific heat, i.e.
κ ∝ c ∝ T 3 for T → 0K. At intermediate temperatures
a maximum of κ occurs, when phonon-phonon Umklapp
scattering becomes important and leads to a decrease of
ℓ with increasing temperature. At high temperatures ℓ is
proportional to the number of phonons, i.e. ℓ ∝ 1/T and
κ follows roughly a 1/T dependence if the temperature
dependence of c is not too strong, which is the case when
the Debye temperature is approached.
At first glance the results on LaCoO3 seem to be con-
sistent with usual phononic heat transport. However, a
closer inspection of the data reveals several anomalous
features. The thermal conductivity above about 100K
is anomalously small and its temperature dependence is
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FIG. 1: Thermal conductivity of La1−xSrxCoO3 as a function
of temperature for different doping x.
very unusual, since above 150K the thermal conductiv-
ity slightly increases with increasing temperature. The
small absolute values cannot be attributed to strong de-
fect scattering, since conventional defect scattering does
not vanish below 100K so that κ would not increase and
show a maximum below 100K. Therefore, the small κ
and its unusual temperature dependence indicate that
an unusual, additional scattering mechanism is active
above about 25K. It is, in principle, possible that low-
lying optical phonons cause resonant scattering of acous-
tic phonons and therefore suppress the heat current in a
certain temperature range.34 This could be an intrinsic
feature of the phonons of the cubic perovskite structure
or soft phonon modes could arise from a structural insta-
bility. However, there is, to our knowledge, no evidence
for one of these scenarios. Thus we regard an anomalous
damping by optical phonons as rather unlikely.
In LaCoO3 there is another source for an unusual heat
conductivity, which is related to the temperature-induced
spin-state transition. With increasing temperature a
thermal population of the IS (or HS) state takes place.
As has been shown in Refs. 7,27 this causes a strongly
anomalous thermal expansion above about 25K. A mi-
croscopic picture of the anomalous thermal expansion
is obtained from the fact that in the LS state all six
3d electrons are in the t2g orbitals, whereas in the IS or
HS states also eg orbitals are occupied. Since the eg or-
bitals point towards the O2− ions their population will
expand the corresponding CoO6 octahedra. Above 25K
LaCoO3 will therefore contain smaller and larger CoO6
octahedra with Co3+ ions in the LS and IS (HS) state,
respectively. This implies an increasing lattice disorder
above 25K, and therefore an additional suppression of
the thermal conductivity. The disorder and thus the sup-
pression of κ is most pronounced for an equal number of
LS and IS (HS) ions. For the proposed LS to IS state
scenario of LaCoO3 with an energy gap ∆ ≃ 180K be-
tween the LS and IS states an equal occupation of LS
and IS ions is expected around T ≃ 165K. Therefore
the strong reduction of κ above 25K, its small absolute
values and the weak minimum around 150K can arise
from temperature-induced LS-IS disorder. This picture,
which has also been proposed in Ref. 35, yields a con-
sistent interpretation of the thermal conductivity data
of LaCoO3. We note that the spin-state transition ap-
pears very favorable for the search of large ZT values,
because it may intrinsically suppress κ. A more quanti-
tative study of the influence of the spin-state transition
on κ is currently underway.
The thermal conductivity of the crystal with x =
0.002 is similar to that of pure LaCoO3, but the low-
temperature maximum of κ is already strongly sup-
pressed. For higher Sr doping this maximum is almost
completely absent and κ increases continuously with in-
creasing temperature. The room temperature values of κ
lie between 2 and 3W/Km for all crystals with x ≤ 0.18.
We attribute the drastic suppression of κ at low temper-
atures to a Sr-induced disorder, which hinders a strong
increase of ℓ for T → 0K. Probably this disorder does
not solely arise from the bare difference between La3+
and Sr2+ ions. From magnetization measurements it is
found that for x ≤ 0.01 so-called magnetic polarons with
high spin values (S = 10 − 16) are formed.36 The idea
is, that the divalent Sr2+ ions nominally cause the same
amount of Co4+ ions, and that these magnetic ions in-
duce a spin-state transition of the neighboring Co3+ ions
from LS to IS or HS states. Due to such a polaron for-
mation the disorder is strongly enhanced for the lowest
Sr concentrations, whereas for larger x the polarons start
to overlap and the enhancement becomes less effective.
Samples with x > 0.18 show metallic conductivity and
ferromagnetic order at low temperatures. In this concen-
tration range one expects that magnetic polarons become
much less important. However, the low-temperature
peak of κ remains absent, since the Sr concentration is
so large, that the bare doping-induced lattice disorder is
sufficient to suppress the low-temperature peak. More-
over, the Sr doping induces mobile charge carriers, which
serve as additional scatterers for the phonons.
The mobile charge carriers for larger x are expected
to transport heat, too. The total thermal conductivity
therefore consists of a phononic contribution and a con-
tribution of mobile charge carriers, i. e. κ = κph + κch.
Usually, κch can be estimated by the Wiedemann-Franz
law, which relates κch to the electrical conductivity ac-
cording to κch ≃ L0 σ T . Here, L0 = 2.44 · 10
−8V2/K2
denotes the Sommerfeld value of the Lorenz number.
From the room temperature values of ρ we estimate
κch(300K) ≃ 0.4, 0.9, 1.6 and 2.7W/Km for x = 0.125,
0.18, 0.25 and 0.3, respectively, and κch ≪ κ for smaller
x. Additional heat conduction by charge carriers is there-
fore relevant for metallic La1−xSrxCoO3 only and ex-
plains why the crystals with x ≥ 0.25 have significantly
larger κ(T ) values for T > 100K than the insulating
samples with x < 0.18.
For x = 0.25 and 0.3 anomalies of κ occur around
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FIG. 2: Thermal conductivity κ of La1−xSrxCoO3 with x =
0.25 as a function of temperature measured in 15T (◦) and
in zero magnetic field (− · −). The solid line is the phononic
contribution κph of the x = 0.25 crystal, which is obtained
by κph = κ(B) − LT σ(B) using the electrical conductiv-
ity σ and the Lorenz number L. For comparison κ of the
x = 0.04 sample (▽) is also depicted. The Inset shows the
magnetic-field dependencies ∆κ(B) = κ(B) − κ(B = 0) (◦,
left y scale) and T ∆σ(B) = T [σ(B)− σ(B = 0)] (—, right y
scale) for B = 5, 10, and 15T, respectively. The value of the
Lorenz number is obtained from the field- and temperature-
independent scaling factor between both quantities, i. e. via
L = ∆κ(B) / [T ∆σ(B)] = 2.9 · 10−8 V2/K2.
200K and 230K, respectively, i. e. close to the respec-
tive ferromagnetic ordering temperatures Tc. Below Tc,
κ increases and we attribute this to the decrease of ρ be-
low Tc,
25 which leads to a corresponding increase of κch.
Since the charge transport close to Tc depends on a mag-
netic field in La1−xSrxCoO3,
37 we may analyze κch for
x = 0.25 in more detail by comparing the magnetic-field
dependencies of κ and σ = 1/ρ (Fig. 2). We find an in-
crease of κ with increasing field, that is most pronounced
around 200K where the strongest magnetic-field induced
suppression of ρ is observed, too.37 Under the reason-
able assumption of a negligible field dependence of κph
we obtain ∆κ(T,B) = κ(T,B) − κ(T, 0) = κch(T,B) −
κch(T, 0), and the Lorenz number is given by the relation
L = ∆κ(T,B) / T∆σ(T,B) with ∆σ(T,B) = σ(T,B) −
σ(T, 0). As shown in the inset of Fig. 2 the scaling re-
lation between ∆κ and T∆σ(T,B) is well fulfilled over
the entire temperature and magnetic-field range studied
here. From this scaling we find L = 2.9 · 10−8V2/K2,
which is about 20% larger than L0. The phononic
thermal conductivity for x = 0.25 is then obtained by
κph = κ(B) − LT σ(B) and found to agree well with
those of the low-doped samples.
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FIG. 3: Thermopower S of La1−xSrxCoO3 as a function of
temperature for different doping x > 0. For x = 0.25 we show
S(T ) also for different magnetic fields.
B. Thermopower
The thermopower measurements of the La1−xSrxCoO3
series for x > 0 are presented in Fig. 3. For the crystal
with the lowest Sr content x = 0.002 we find a large po-
sitive thermopower which increases with decreasing tem-
perature. As mentioned above we could not determine
S for highly insulating crystals with ρ & 109Ωcm as it
is the case for this crystal below about 100K. With in-
creasing Sr content S systematically decreases and for
0.01 ≤ x ≤ 0.18 all S(T ) curves show maxima which be-
come less pronounced and slightly shift towards higher
temperature. We note that additional anomalies ob-
served in the temperature dependence S(T ) of polycrys-
talline La1−xSrxCoO3 (Ref. 22) are not reproduced by
our single-crystal data. Such a difference has already
been observed in magnetization data, and gives further
evidence that these additional anomalies are not an in-
trinsic feature of La1−xSrxCoO3.
For the metallic samples with x ≥ 0.25 S(T ) varies
only weakly with temperature between 300K and Tc.
Around Tc a sharp kink occurs and S strongly decreases.
For x = 0.3 there is even a sign change and S be-
comes negative for T < 170K. The sensitivity of S to
the magnetic ordering indicates that a considerable con-
tribution of S arises from magnetic entropy. Therefore,
one may also expect a pronounced magnetic-field depen-
dence S(B) as has been pointed out recently.21 As shown
in Fig. 3 we find indeed a strong magnetic-field induced
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FIG. 4: Top: Thermopower S as a function of temperature for
5 different crystals of nominally undoped LaCoO3. Bottom:
Room-temperature values S(300K) as a function of the charge
carrier concentration n = x + 2δ for Sr-doped (◦) and pure
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suppression of S, that is most pronounced around Tc.
This arises from the fact that the magnetic entropy may
be strongly reduced by available magnetic-field strengths
only around Tc. For higher temperatures thermal disor-
der becomes too large (kBT ≫ gµBB) and for T ≪ Tc
the magnetic entropy is already frozen by the magnetic
exchange coupling.
At high enough temperatures the thermopower is ex-
pected to be determined by the so-called Heikes formula
(see e. g. Ref. 38). This general expression has been re-
fined for the case of doped cobaltates in Ref. 39 to
S = −
kB
e
[
ln
(
n
1− n
)
+ ln
(
g3
g4
)]
. (1)
Here, n denotes the content of Co4+ ions and g3 (g4) is
the number of possible configurations of the Co3+ (Co4+)
ions, which is, in general, given by the product of or-
bital and spin degeneracy. If different spin states of the
Co3+/4+ ions are close enough in energy, the number of
possible configurations may further increase.39
In the lower panel of Fig. 4 we show the room-
temperature values of S for La1−xSrxCoO3 (open sym-
bols, x > 0) as a function of the charge carrier content
n = 0.9 · x as determined by thermogravimetric analysis
(see above). A fit of the experimental data via Eq. 1
with the ratio g3/g4 as the only fit parameter yields
g3/g4 ≃ 1.8. The saturation magnetization of the sam-
ples showing ferromagnetic order (x > 0.18) is best de-
scribed by assuming an S = 1/2 low-spin state for Co4+
and an S = 1 intermediate-spin state for Co3+.25 For
this combination of spin states a ratio g3/g4 = 3/2 is
expected, which is independent from the possible orbital
degeneracies ν = 1 or 3 as long as both, the Co4+ LS and
Co3+ IS state have the same ν. If one assumes that the
energy of the Co3+ LS state is close to that of the Co3+
IS state, the ratio increases to g3/g4 = 2 and 5/3 for
ν = 1 and 3, respectively. For all of these cases the ex-
perimental data are reasonably well described by Eq. 1.
However, this does not exclude other spin-state combi-
nations, since Eq. 1 is derived for the high-temperature
limit, whereas in Fig. 4 the room-temperature values of S
are considered and at least for the samples with x < 0.25
the S(T ) curves have a more or less pronounced nega-
tive slope at 300K. Thus, it is possible that for higher
temperatures a larger g3/g4 ratio would be obtained in
the fit. In addition, there are also other combinations of
spin states yielding g3/g4 ratios close to 1.8, but these
are not supported by the measured saturation magneti-
zation. Despite these uncertainties we interpret the dop-
ing dependence of S(300K) as further evidence for the
Co4+LS/Co
3+
IS combination suggested from the magnetiza-
tion and resistivity data.25
According to Eq. 1 the thermopower is expected to di-
verge for a vanishing hole content, i. e., when the nomi-
nally undoped LaCoO3 is approached. For electron dop-
ing one may still apply Eq. 1, but with a positive sign
and g4 for the degeneracy of Co
2+. The dashed line in
Fig. 4 is calculated for g4 = 4 as expected for Co
2+ in a
HS state.30 A large negative thermopower has been ob-
served recently in electron-doped La1−xCexCoO3.
40 For
nominally undoped LaCoO3, we find a different sign of
S for different crystals. This is shown in the upper panel
of Fig. 4. Although these crystals have been grown under
the same conditions, either a large negative or a large po-
sitive thermopower can be obtained. We suspect that this
extreme sensitivity of S results from weak deviations in
the oxygen content of LaCoO3+δ, which cause small con-
centrations 2δ of hole or electron doping depending on the
sign of δ. Already extremely small values of |δ| < 0.002,
which are well below the accuracy of oxygen determi-
nation in cobaltates, would be sufficient to explain the
observed thermopower values with |S| > 500µV/K in
LaCoO3+δ. We also suspect that there are weak inho-
mogeneities of the oxygen content in each sample, which
can strongly influence the sign and also the temperature
dependence of the measured thermopower. Most proba-
bly, this is also the reason for the contradictory results
for S(T ) obtained in Refs. 3,26. We mention that this ex-
treme sensitivity S(δ) is expected only for the (almost)
undoped LaCoO3, whereas for samples with a finite Sr
content the drastic influence of such small variations of δ
rapidly decreases with increasing x.
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FIG. 5: Figure of merit of La1−xSrxCoO3 as a function of
temperature for different doping x.
C. Figure of Merit
In Fig. 5 we present the thermoelectric figure of merit
of La1−xSrxCoO3. Since the thermal conductivity for all
x is rather low, one precondition for large ZT values is
already fulfilled for the entire La1−xSrxCoO3 series. The
very low-doped samples show in addition very large ther-
mopower values, but their resistivities are also large and
thus prevent large ZT values. Small resistivities are ob-
tained for large x, but these samples also have smaller
thermopower values. Thus the optimum figure of merit
is obtained in the intermediate doping range. We find a
maximum ZT ≃ 0.035 around 225K, which is as large
as the value observed in NaxCoO2.
17 These values are
among the largest observed in transition metal oxides
so far, but are still too small for technical applications.
Nevertheless, it suggests that cobaltates may be promis-
ing candidates for thermoelectric materials, if further en-
hancement of ZT is possible. The fact that Co can occur
in different spin states of strongly different sizes could
be used to increase structural and magnetic disorder in
order to suppress the thermal conductivity on the one
hand and enhance the thermopower on the other.
IV. SUMMARY
We have presented a systematic study of the thermal
conductivity and the thermopower of a series of single
crystals of La1−xSrxCoO3+δ. The thermal conductivity
is strongly suppressed for the entire doping range. In
pure LaCoO3 this suppression most probably arises from
local lattice distortions due to a temperature-induced
spin-state transition of the Co3+ ions. For small finite
x, a spin-state transition of the Co3+ ions may be in-
duced by the neighboring magnetic Co4+ ions, and so-
called high-spin polarons can be formed, which also cause
lattice disorder. For larger x this effect becomes less
important, but scattering of phonons by mobile charge
carriers will also play a role for the suppression of the
thermal conductivity. For finite doping we find a large,
positive thermopower, which strongly depends on tem-
perature and doping. The room temperature values of
the thermopower follow a doping dependence that is ex-
pected from a modified Heikes formula, 39 if we assume
an intermediate-spin state for Co3+ and a low-spin state
for Co4+ as it is suggested from magnetization and resis-
tivity data.25 In nominally undoped LaCoO3 we find for
different crystals either a large positive or a large nega-
tive thermopower. We suspect that this is a consequence
of weak deviations (|δ| < 0.002) from the nominal oxy-
gen content causing small amounts of hole or electron
doping. Most probably, a weak oxygen off-stoichiometry
is also the reason for the contradictory results of the
thermopower reported for LaCoO3 previously.
3,26 For the
crystal with x = 0.25 both, the thermal conductivity and
the thermopower show a significant magnetic-field depen-
dence in the temperature range around the ferromagnetic
ordering temperature. The field dependence of the ther-
mal conductivity can be traced back to a field-dependent
charge carrier contribution to the heat current, and the
field dependence of the thermopower indicates that it
contains a sizeable contribution arising from magnetic
entropy. From the resistivity ρ, the thermopower S
and the thermal conductivity κ we have also determined
the thermoelectric figure of merit Z = S2 / κρ, which
strongly depends on both, doping and temperature. A
maximum of ZT ≃ 0.035 is obtained for x = 0.125 and
200K ≤ T ≤ 250K. This value is large, but yet too small
for technical applications. Nevertheless, it indicates that
Co-based materials could be interesting candidates for
thermoelectric cooling.
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